Interest in total plasma homocysteine (Hcy) measurements has increased with the availability of evidence that even mild hyperhomocysteinemia is an independent risk factor for cardiovascular disease (1) . Consequently, the variability of current Hcy results has been the subject of considerable research (2) (3) (4) . Whole blood stored at room temperature after phlebotomy shows an increase in Hcy concentrations of ϳ10% per hour, apparently because of Hcy synthesis and release from erythrocytes (5, 6) . Previous studies have shown that the best method for avoiding falsely high Hcy results is prompt postphlebotomy centrifugation and separation of the plasma from the red blood cells (6) or storage of whole blood samples at 0°C if prompt centrifugation is not feasible (3) . The use of anticoagulants as preservatives in whole blood has also been advocated (2) (3) (4) ; among these, sodium fluoride (NaF) in particular has been described as useful when added to whole blood at suggested concentrations of up to 4 g/L (95 mmol/L) (4, 7) .
Many laboratories, therefore, now use NaF as a preservative in the blood collection tubes used for Hcy assays. We measured plasma Hcy, using a modified version of the HPLC method with fluorescence detection introduced by Refsum and co-workers (8) , after the addition of pure NaF (2.5 g/L, 60 mmol/L) to heparinized whole blood. The studies were approved by the University of Washington Institutional Review Board and involved the donation of blood from men and women after informed consent. We found minimal inhibition of the time-dependent increase in Hcy concentrations. We also investigated the preservative abilities of Na 2 EDTA (1.5 g/L, 4.0 mmol/L), EGTA (1.5 g/L, 3.9 mmol/L), and thymol (1.0 g/L, 6.6 mmol/L), again added in pure form to heparinized whole blood. During the studies of these additives, we were intrigued to observe a decrease in the Hcy concentrations of the NaF-containing samples at all time points as compared with the blank control and compared with the samples that contained the other potential preservatives. During further investigations, we discovered that addition of NaF to heparinized whole blood caused an immediate NaF concentration-dependent decrease in spun hematocrit (Table 1) . This led us to propose that on addition to the whole blood sample, the NaF produced hypertonic plasma with subsequent desiccation of the red blood cells. The resulting osmosis effectively diluted the plasma to such an extent that it lowered the apparent Hcy concentration by ϳ10% at 100 mmol/L NaF. Plasma albumin (measured by bromcresol green on the Paramax RX analyzer) also decreased linearly with increasing concentrations of NaF, confirming that the change in hematocrit was not artifactual (Table 1) . Because lithium is not excluded from the erythrocyte and so does not cause the same concentration-dependent plasma dilution, we investigated the preservative properties of lithium fluoride (LiF, Fisher Scientific). LiF decreased hematocrit, albumin, and Hcy Ͻ3% (Table 1) .
Next, the time-dependent effect of LiF and NaF on plasma Hcy was investigated. Whole blood with K 3 EDTA anticoagulant (1.8 g/L) was transferred into sample tubes containing dry LiF, dry NaF, or no preservative. These salts (50 mmol/L blood) both inhibited the rise of Hcy concentrations at 25°C only minimally, compared with a control with no additive (Fig. 1) . In fact, storage of the blood samples on ice provided the only effective inhibition of plasma Hcy increase over time. It is interesting to note that the plasma Hcy concentration of the NaF-preserved samples at a time of ϳ2.5 h is essentially identical to the value of the control sample processed immediately after phlebotomy (time, 0 h, Fig. 1 ). These results indicate that the artifactual negative dilution effect of NaF completely offsets the positive Hcy-production effect in these samples after 2-3 h. These data might be improperly interpreted as a true Hcy preservative effect.
We reviewed the report of the apparent Hcy-preservative effect of NaF. When this salt was used as an anticoagulant (60 mmol/L, 2.5 g/L), the increase in plasma Hcy was Ͻ30% at 24 h, compared with an increase of Ͼ180% for samples containing 4.4 mmol/L EDTA (1.6 g/L) as anticoagulant (2) . Although this indicated that NaF could not completely prevent the plasma Hcy increase, its superiority to EDTA led to studies of its preservative ability. These studies eventually led to the recommendation that relatively high concentrations of NaF (4 g/L, ϳ95 mmol/L) be used as a preservative in Hcy measurements (4, 7) .
NaF has long been used in blood glucose measurements as an inhibitor of glycolysis. An effect of NaF on Hcy release by erythrocytes might, in theory, be attributable to its inhibition of glycolysis, and the resulting inhibition of ATP production. In the homocysteine pathway, methionine (Met) is converted to S-adenosylmethionine (SAM) in an ATP-dependent step. Conversion of SAM to Sadenosylhomocysteine and finally hydrolysis to homocysteine (9) follow this. Although lack of ATP would inhibit the initial step of this pathway (conversion of Met to SAM), our studies suggest that there may be sufficient cellular reserves of SAM and/or S-adenosylhomocysteine to provide continued production of Hcy despite inhibition of ATP synthesis. This would explain why other compounds, including thymol and other potential inhibitors of glycolysis such as LiF, EDTA, and EGTA, are inefficient as Hcy preservatives.
For example, the LiF-containing samples incubated at 25°C showed a slight inhibition of the rise in plasma Hcy concentrations over time compared with the control samples at the same temperature (Fig. 1) . This modest improvement could be a result of the superior ability of LiF to directly inhibit glycolysis (and consequently the production of ATP), thus indirectly inhibiting the conversion of Met to SAM. However, the ideal preservative must also inhibit the enzymatic steps downstream in the Hcy cycle, something which simple glycolytic inhibitors apparently cannot accomplish. This broad enzymatic inhibition is achieved to an appreciable extent, however, by storage of the whole blood samples at 0°C. We therefore conclude that the most reliable method of blood preservation for Hcy measurements is rapid cooling of the samples on wet ice. Even slightly higher storage temperatures (4°C) have proven ineffective in preventing Hcy increases (2, 6) .
We confirm previous reports of the ineffectiveness of NaF in preventing false increases in plasma Hcy measurement (2) . We have also shown that the use of NaF in fact leads to dilution errors, affecting several plasma analyte concentrations, including albumin and Hcy. This dilution c-f Paired-samples t-tests were performed using SPSS for Windows (Ver. 7.5.2). All statistical comparisons were paired to the 0 mmol/L specimens: c P Ͻ0.01; d P Ͻ0.05; e P Ͻ0.0001; and f P Ͻ0.001. g A concentration of 100 mmol/L is beyond the solubility limits of LiF (11). (छ), blank at 25°C; (E), blank at 0°C; (OE), 50 mmol/L LiF at 25°C; (f), 50 mmol/L NaF at 25°C. Values at each time point are the averages of six individuals; each sample was analyzed in duplicate. All manipulations and time points for a specific individual were assayed randomly on the same day in the same chromatographic run. Error bars represent the SEM. ‫,ء‬ P Յ0.05 vs 0°C at same time point; ‫,ءءء‬ P Յ0.001 vs 0°C at same time point; ϩϩ, P Յ0.01 vs NaF at 0 h; ϩϩϩ, P Յ0.001 vs NaF at 0 h; ૺ, P Յ0.05 vs LiF at 0 h; ૺૺ, P Յ0.01 vs LiF at 0 h. effect may confound studies, planned or already completed, in which these analytes are measured. We therefore recommend that NaF not be used as a preservative in Hcy measurements. Other preservatives studied to date have proven ineffective or problematic. A recent report suggests that acidified citrate at pH 4.3 be considered as a whole blood preservative because it inhibits the rise in Hcy over time to a degree similar to storage on crushed ice (10) . However, the authors note that an added complication in this case was that the Hcy concentrations at each time point were falsely increased (by ϳ10%) for the citrate samples compared with controls stored at 0°C in EDTA-containing tubes. We believe that storage of blood samples on wet ice after phlebotomy, along with rapid centrifugation and separation of the plasma, are the only means of providing accurate Hcy measurements shown to date.
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